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Yields of neutron-rich nuclei by actinide photofission in giant dipole resonance region 
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Photofission of actinides is studied in the region of nuclear excitation energies that covers the entire 
giant dipole resonance (GDR) region. A comparative analysis of the behavior of the symmetric and 
asymmetric modes of photon induced fission as a function of the average excitation energy of the 
fissioning nucleus is performed. The mass distributions of photofission fragments are obtained 
at the endpoint bremsstrahlung energy of 29.1 MeV which corresponds to mean photon energy of 
13.7±0.3 MeV that coincides with GDR peak for photofission. The integrated yield of 
photofission as well as charge distribution of photofission products are calculated and its role in the 
production of neutron-rich nuclei and their exoticity is explored. 
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I. INTRODUCTION 

Photonuclear reactions along with neutron-induced fis¬ 
sion, has been studied for several years. New reliable 
studies on the mass distributions of fission fragments 
have become necessary in order to produce neutron rich 
ion beams [H, @1 (especially in the vicinity of ^®Ni) which, 
in turn, will open new vistas in the study of nuclei far 
away from the valley of stability. The use of the energetic 
electrons is a promising tool to get intense neutron-rich 
ion beams. Photofission of Uranium is a very powerful 
mechanism to produce such radioactive ion beams (RIB). 
Although the photofission cross section at giant dipole 
resonance (GDR) energy for jg about an order of 
magnitude lower than for the 40 MeV neutron induced 
fission, still it is advantageous because the electrons/y- 
photons conversion efficiency is much more significant 
than that for the deuterons/neutrons. For producing 
neutron-rich radioactive ion beam by the photofission 
method, nuclei are excited by photons covering the peak 
of the GDR where the energetic beam of incident elec¬ 
trons of ~30 MeV can be slowed down in a tungsten (W) 
converter or directly in the target (U) itself, generating 
bremsstrahlung photons Q which can induce fission. 

In the present study, the total photoabsorption cross 
section at energies covering the GDR region are calcu¬ 
lated while the mass distributions are analyzed on the 
basis of the multimode-fission model ii and the charge 
distribution of photofission products are estimated. The 
mass distribution is interpreted as a sum of contributions 
of various fission modes: specifically, a symmetric mode 
(SM) and two asymmetric modes (ASMI and ASMII) as¬ 
sociated with an enhanced yield of fission products. The 
average excitation energy for such a nucleus is used for 
the predictions of the multimode-fission model. A cal¬ 
culation of the contributions from various fission modes 
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to the mass distribution of photofission fragments was 
performed in @ at two accelerator energies. Without 
quantitative calculations, the existence of contributions 
from various fission modes was highlighted in Q . In the 
present work, we perform a simultaneous analysis and a 
comparison of the behavior of the symmetric and asym¬ 
metric modes of photofission induced by bremsstrahlung 
photons in the region of excitation energies of the 
the endpoint bremsstrahlung energy of 29.1 MeV which 
corresponds to mean photon energy of 13.7±0.3 MeV 
Q that coincides with GDR peak for photofission. 
The results obtained in this way are compared with the 
predictions of the multimode-fission model for the de¬ 
pendence of individual fission modes on the excitation 
energy of the fissioning nucleus. The integrated yield 
of 238 u photofission and charge distribution of photofis¬ 
sion products are calculated. The role of photofission 
mass yield and its charge distribution in the production 
of neutron-rich nuclei are explored. 


II. THE GDR PHOTOABSORPTION AND 
FISSION 

In the hydrodynamic theory of photonuclear reactions, 
the giant dipole resonance consists of Lorentz line for 
spherical nuclei @,[13, corresponding to the absorption 
of photons which induce oscillations of the neutron and 
proton fluids in the nucleus against each other, and the 
superposition of two such lines for statically deformed 
spheroidal nuclei [Hill, corresponding to oscillations 
along each of the non-degenerate axes of the spheroid. 
The lower-energy line corresponds to oscillations along 
the longer axis and the higher-energy line along the 
shorter, since the absorption frequency decreases with 
increasing nuclear dimensions. Therefore, the semiclassi- 
cal theory of the interaction between photons and nuclei 
entails that the shape of a fundamental resonance in the 
absorption cross section is given by Em 
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where Ui, and are the peak cross section, reso¬ 
nance energy and full width at half maximum, respec¬ 
tively. We find that like the photoabsorption cross sec¬ 
tions, the photofission cross sections can also be describee 
quite well by Eq.(l). The list of parameters (Tq Ei anc 
r,: for i = 1,2 extracted by fitting experimental date 
[l^ are provided in Table-I for both photoabsorptior 
as well as photofission cross sections. It may be observer 
from Table-I that for photoabsorption and photofissior 
cross sections there are little changes in parameters E, 
and Fi while ai decides the difference. Therefore, we 
find by fitting data of all the eight actinide nuclei that 
ratios i?i = and i ?2 = for gamma absorptior 
and subsequent fission scale as ciQ and respective!} 
with Cl = 0.9978, C 2 = 1.4775 where C/ [l^ is given by 


= 10.9-0.319ZV^ (2; 

with Z, A being the charge, mass numbers of the tar¬ 
get nucleus implying i?i=i ,2 depends quadratically as 
a 2 iP + aiif + cLoi on the fissility / = Z"^jA. In Fig.- 
1, the measured photoabsorption and photofission cross 
sections (full circles) for g^g functions of incident 

photon energy are compared with the predictions (solid 
lines) of the hydrodynamic theory of photonuclear reac¬ 
tions for the giant dipole resonance region that consists of 
Lorentz line shapes for spherical nuclei. The dotted line 
represents photofission cross sections obtained by using 
ratio method described above. It is apparent from Fig.- 
1 that the ratio method predictions for photofission are 
almost as good as the Lorentz line shape fitting while 
the evaporation-fission process of the compound nucleus 
largely overestimates [Tg the photofission cross sections. 

III. MASS YIELD DISTRIBUTION OF 
PHOTOFISSION PRODUCTS 

In the multimode-fission model, the mass distribution 
is interpreted as a sum of the contributions from the sym¬ 
metric and asymmetric fission modes. Fach fission mode 
corresponds to the passage through the fission barrier of 
specific shape. For each fission mode, the yield is de¬ 
scribed in the form of a Gaussian function. However, it 
is impossible to approximate the shape of the mass dis¬ 
tributions by using only three Gaussian functions (two 
fission modes). For this, one needs five Gaussian func¬ 
tions (three fission modes). For figgion, the sym¬ 

metric fission mode (SM) is associated A = 117 and for 
the asymmetric fission modes (ASMI, ASMII) in addi¬ 
tion to broad maxima at A = 138 and A = 96, the mass 
distribution exhibits narrower maxima in mass-number 



FIG. 1: Comparison of the measured photoabsorption and 
photofission cross sections (full circles) for as functions 
of incident photon energy with predictions (solid lines) of the 
hydrodynamic theory of photonuclear reactions for the giant 
dipole resonance region that consists of Lorentz line shapes 
for spherical nuclei. The dotted line represents photofission 
cross sections obtained by using ratio method. 


regions around A = 133 and A = 101. Thus the total 
yield of fragments whose mass number is A is given by 
the expression 


Y(A) = 


Ysm{A) + Yasmi{A) -b Yasmii{A) 

r 

CsM exp 
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In Fig.-2, approximation by the above five Gaussian 
functions for the mass distribution of fragments originat¬ 
ing from 238 pj pbotofission induced by bremsstrahlung 
photons whose endpoint energy is 29.1 MeV Y (A) per 100 
fission events is plotted and compared with experimen¬ 
tal data 0. The values of Asm, Dasmi and Dasmii 
are 117, 21 and 16, respectively whereas the other pa¬ 
rameter values are Csm = 0.4929, asM = 4.4732, 
Casmi = 5.8959, aASMi = 5.9612, Casmii = 2.2945 
and O' ASM II = 1.6223. 
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TABLE I: The extracted values of the parameters Oi, Ei and Ti, with i = 1, 2, obtained by fitting the experimental data [H,[3 
for the photoabsorption and the photofission cross sections. 


Nuclei 

El 

0-1 

Pi 

E 2 

0-2 

r2 


[MeV] 

[mb] 

[MeV] 

]MeV] 

[mb] 

]MeV] 

232 

0.111569E-b02 

0.253310E-t03 

0.368781E-t01 

0.140337E-b02 

0.332045E-b03 

0.484684E-b01 

Photoabsorption 

T0.208178E-01 

±0.427193E-t01 

T0.671125E-01 

T0.234962E-01 

±0.379444E-b01 

T0.627879E-01 

232 

0.108239E-b02 

0.148941E-t02 

0.154977E-t01 

0.142884E-b02 

0.386921E-b02 

0.339084E-b01 

Photofission 

T0.570896E-01 

±0.101739E-t01 

±0.196303E-t00 

±0.407358E-01 

±0.984476E-b00 

±0.165864E-b00 

238 u 

0.110359E-b02 

0.304084E-t03 

0.244344E-t01 

0.139696E-b02 

0.384504E-b03 

0.424934E-b01 

Photoabsorption 

T0.757291E-02 

±0.191041E-t01 

T0.211513E-01 

± 0.105020E-01 

±0.151267E-b01 

T0.215363E-01 

238-jj 

0.108646E-b02 

0.509458E-t02 

0.235096E-t01 

0.142606E-b02 

0.139631E-b03 

0.431961E-b01 

Photofission 

T0.345136E-01 

±0.141568E-t01 

±0.104248E-t00 

T0.241084E-01 

±0.119854E-b01 

T0.610462E-01 

236 u 

0.109999E-b02 

0.349761E-t03 

0.200208E-t01 

0.139997E-b02 

0.444907E-b03 

0.400213E-b01 

Photoabsorption 

T0.469940E-01 

±0.163054E-t02 

±0.155638E-t00 

T0.848482E-01 

±0.134267E-b02 

±0.194748E-b00 

236-jj 

0.108181E-b02 

0.766137E-t02 

0.211832E-t01 

0.142140E-b02 

0.233508E-b03 

0.482840E-b01 

Photofission 

T0.498453E-01 

±0.395287E-t01 

±0.177282E-t00 

T0.482288E-01 

±0.328896E-b01 

±0.125866E-b00 

235u 

0.109997E-b02 

0.349758E-t03 

0.107362E-t01 

0.140000E-b02 

0.445123E-b03 

0.400294E-b01 

Photoabsorption 

T0.558415E-01 

±0.355239E-t02 

±0.166314E-t00 

T0.743161E-01 

±0.160659E-b02 

±0.225709E-b00 

235u 

0.109097E-b02 

0.955815E-t02 

0.198927E-t01 

0.138757E-b02 

0.380470E-b03 

0.421280E-b01 

Photofission 

T0.592284E-01 

±0.513518E-t01 

±0.188900E-t00 

T0.287584E-01 

±0365952E-b01 

T0.704117E-01 

234u 

0.110543E-b02 

0.210986E-t03 

0.108276E-t01 

0.131269E-b02 

0.446181E-b03 

0.606000E-b01 

Photoabsorption 

T0.328566E-01 

±0.123333E-t02 

±0.138675E-t00 

±0.575317E-01 

±0.719500E-b01 

±0.882948E-01 

234u 

0.110819E-b02 

0.163781E-t03 

0.281607E-t01 

0.145927E-b02 

0.348757E-b03 

0.407321E-b01 

Photofission 

T0.330435E-01 

±0.347119E-t01 

±0.879498E-01 

±0.210564E-01 

±0.321142E-b01 

±0.654639E-01 

233u 

0.110510E-b02 

0.239833E-t03 

0.181537E-t01 

0.139116E-b02 

0.437354E-b03 

0.543458E-b01 

Photoabsorption 

T0.183016E-01 

±0.551579E-t01 

±0.743190E-01 

±0.312191E-01 

±0.381128E-b01 

±0.564126E-01 

233u 

0.110246E-b02 

0.142698E-t03 

0.173286E-t01 

0.138589E-b02 

0.407635E-b03 

0.408954E-b01 

Photofission 

T0.675373E-01 

±0.113748E-t02 

±0.226983E-t00 

±0.582266E-01 

±0.836806E-b01 

±0.134014E-b00 

237Np 

0.110277E-b02 

0.246408E-t03 

0.279883E-t01 

0.141381E-b02 

0.392209E-b03 

0.516690E-b01 

Photoabsorption 

±0.160029E-01 

±0.436347E-t01 

±0.550226E-01 

±0.204200E-01 

±0.241868E-b01 

±0.738509E-01 

237Np 

0.109213E-b02 

0.158435E-t03 

0.255789E-t01 

0.143494E-b02 

0.261391E-b03 

0.410446E-b01 

Photofission 

T0.579898E-02 

±0.696476E-t00 

T0.205505E-01 

±0.523555E-02 

±0.537081E-b00 

±0.195039E-01 

239pu 

0.111363E-b02 

0.310118E-t03 

0.225973E-t01 

0.135343E-b02 

0.376374E-b03 

0.472413E-b01 

Photoabsorption 

T0.330433E-01 

±0.124836E-t02 

±0.117752E-t00 

T0.691318E-01 

±0.100811E-b02 

±.918920E-01 

239pu 

0.112990E-b02 

0.207497E-t03 

0.271930E-t01 

0.143349E-b02 

0.311287E-b03 

0.376570E-b01 

Photofission 

±0.366080E-01 

±0.549059E-t01 

±0.874060E-01 

T0.347835E-01 

±0.448887E-b01 

±0.910799E-01 


IV. CHARGE DISTRIBUTION OF 
PHOTOFISSION PRODUCTS 


The isobaric charge distribution of photofission prod¬ 
ucts can be well simulated by a Gaussian function as 


r(A,Z) = i^exp 


{Z-Zs + A)2 


a 


(4) 


where Zg represents most stable isotope of fission frag¬ 
ment with mass number A while A measures the depar- 























FIG. 2: Comparison of the measured mass yield distributioi 
(full circles) for photofission induced by bremsstrahlun; 
photons whose endpoint energy is 29.1 MeV with the predic 
tion (solid line) of the five Gaussian formula for Y{A). 


ture of the most probable isobar from the stable one. In 
order to deduce expression for theoretically, for the 
most stable nucleus by keeping mass number A constant 
while differentiating liquid drop model mass formula and 
setting the term dMnucieus{A, Z^jdZ equal to zero as 
0 


[(dOsym/x) + /x)] 

where x = 2asym + [(^n — Wj,)/2], Oc and agym being 
the Coulomb and symmetry energy coefficients, respec¬ 
tively, whereas rup and are the masses of proton and 
neutron respectively. The values of the parameter Cp 
which decides the dispersion and the shift parameter A 
for the most probable isotope are extracted by fitting ex¬ 
perimental data 0 to be 0.8 and 3.8, respectively. The 
fractional yield DY{A,Z) is defined as the ratio of the 
independent yield of production of nuclei belonging to 
a specific mass and charge number, Y{A,Z), to the to¬ 
tal yield y{A) for the same mass number A, that is, 
DY{A,Z) = Y{A,Z)IY{A). In Fig.-3, charge distribu¬ 
tion as fractional yield DY{A, Z) is plotted for fragment 
mass number A = 97 of photofission. In Fig.-3, 
fractional yield DY{A,Z) as a function of charge num¬ 
ber Z for a particular fragment mass number A = 97 of 
photofission is plotted. 



FIG. 3: Plot of fractional yield DY{A, Z) as a function of 
charge number Z for fragment mass number A = 97 of 
photofission. Experimental data are shown with full circles 
while solid line represents the Gaussian charge distribution. 


V. CALCULATION AND RESULTS 

The photofission cross sections are calculated us¬ 
ing Lorentz line shape Eq.(l) for gamma absorption while 
replacing (Ji by the ratio method described in section- 
II. The production cross sections of individual fragments 
for photofission induced by bremsstrahlung photons 
whose endpoint energy is 29.1 MeV are obtained by mul¬ 
tiplying fission cross section by charge distribution which 
means cr/(A, Z) = .Y{A, Z)/\0Q. The endpoint 

energy of 29.1 MeV (the energy of electrons which pro¬ 
duce bremsstrahlung gammas when stopped by a FF con¬ 
verter) is so chosen because it corresponds to the mean 
gamma energy of 13.7±0.3 MeV that coincides with GDR 
peak for photofission. In Table-II, the theoretical 
cross sections for most probable (produced with high¬ 
est production cross section) isobars with corresponding 
neutron and proton numbers for the fission fragments 
are tabulated. Corresponding atomic numbers Z^ for the 
most stable nuclei are calculated using Eq.(5) with val¬ 
ues for Qc = 0.71 MeV and agym = 23.21 MeV [l^. The 
proton and neutron drip lines are calculated theoretically 
from modified liquid drop model mass formula [l8l| using 
logic [T^ that the nucleus from which removal of a single 
neutron (and any more) makes the one proton separation 
energy negative defines a proton drip line nucleus and the 
nucleus to which addition of a single neutron (and any 
more) makes the one neuton separation energy negative 
defines a neutron drip line nucleus. 
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TABLE II: The theoretical cross sections for most probable 
(produced with highest production cross section) isobars with 
corresponding neutron and proton numbers for the hssion 
fragments. 


A 

N 

Z 


(J 

[mb] 

A 

N 

Z 


(7 

[mb] 

80 

48 

32 

36 

0.11562E-t00 

81 

49 

32 

36 

0.18627E-t00 

82 

49 

33 

36 

0.22993E-t00 

83 

50 

33 

37 

0.42322E-t00 

84 

51 

33 

37 

0.50203E-t00 

85 

51 

34 

38 

0.78573E-t00 

86 

52 

34 

38 

0.10690E-t01 

87 

52 

35 

38 

0.11874E-t01 

88 

53 

35 

39 

0.18556E-t01 

89 

54 

35 

39 

0.18815E-t01 

90 

54 

36 

40 

0.26153E-t01 

91 

55 

36 

40 

0.30571E-t01 

92 

55 

37 

40 

0.29817E-t01 

93 

56 

37 

41 

0.40232E-t01 

94 

57 

37 

41 

0.35453E-t01 

95 

57 

38 

42 

0.42736E-t01 

96 

58 

38 

42 

0.43749E-t01 

97 

58 

39 

42 

0.37144E-t01 

98 

59 

39 

43 

0.46367E-t01 

99 

60 

39 

43 

0.40502E-t01 

100 

60 

40 

44 

0.48037E-t01 

101 

61 

40 

44 

0.48132E-t01 

102 

61 

41 

44 

0.33281E-t01 

103 

62 

41 

45 

0.31183E-t01 

104 

63 

41 

45 

0.18741E-t01 

105 

63 

42 

46 

0.14313E-t01 

106 

64 

42 

46 

0.11271E-t01 

107 

64 

43 

46 

0.65130E-t00 

108 

65 

43 

47 

0.64657E-t00 

109 

66 

43 

47 

0.44646E-t00 

110 

66 

44 

48 

0.35695E-t00 

111 

67 

44 

48 

0.34525E-t00 

112 

68 

44 

48 

0.25037E-t00 

113 

68 

45 

49 

0.32626E-t00 

114 

69 

45 

49 

0.32907E-t00 

115 

69 

46 

49 

0.31678E-t00 

116 

70 

46 

50 

0.39368E-t00 

117 

71 

46 

50 

0.32803E-t00 

118 

71 

47 

51 

0.37133E-t00 

119 

72 

47 

51 

0.36359E-t00 

120 

72 

48 

51 

0.27508E-t00 

121 

73 

48 

52 

0.33305E-t00 

122 

74 

48 

52 

0.29068E-t00 

123 

74 

49 

53 

0.31042E-t00 

124 

75 

49 

53 

0.39884E-t00 

125 

76 

49 

53 

0.38461E-t00 

126 

76 

50 

54 

0.63200E-t00 

127 

77 

50 

54 

0.81498E-t00 

128 

77 

51 

54 

0.94162E-t00 

129 

78 

51 

55 

0.15553E-t01 

130 

79 

51 

55 

0.18648E-t01 

131 

79 

52 

56 

0.28580E-t01 

132 

80 

52 

56 

0.41599E-t01 

133 

81 

52 

56 

0.37146E-t01 

134 

81 

53 

57 

0.49953E-t01 

135 

82 

53 

57 

0.45242E-t01 

136 

82 

54 

57 

0.38439E-t01 

137 

83 

54 

58 

0.45866E-t01 

138 

84 

54 

58 

0.38935E-t01 

139 

84 

55 

59 

0.41242E-t01 

140 

85 

55 

59 

0.42549E-t01 

141 

86 

55 

59 

0.30171E-t01 

142 

86 

56 

60 

0.35472E-t01 

143 

87 

56 

60 

0.30180E-t01 

144 

87 

57 

60 

0.22401E-t01 

145 

88 

57 

61 

0.22881E-t01 

146 

89 

57 

61 

0.16128E-t01 

147 

89 

58 

62 

0.13099E-t01 

148 

90 

58 

62 

0.11106E-t01 

149 

91 

58 

62 

0.65162E-t00 

150 

91 

59 

63 

0.57562E-t00 

151 

92 

59 

63 

0.40705E-t00 

152 

92 

60 

63 

0.22370E-t00 

153 

93 

60 

64 

0.19076E-t00 

154 

94 

60 

64 

0.11303E-t00 

155 

94 

61 

64 

0.66812E-01 

156 

95 

61 

65 

0.47827E-01 

157 

96 

61 

65 

0.23853E-01 

158 

96 

62 

66 

0.15076E-01 

159 

97 

62 

66 

0.91000E-02 

160 

98 

62 

66 

0.38368E-02 

161 

98 

63 

67 

0.25778E-02 


VI. PRODUCTION OF NEUTRON-RICH 
NUCLEI 

Production of neutron-rich radioactive ion beam by the 
photofission method is by far the most advantageous be¬ 
cause electrons/ 7 -photons conversion efficiency is much 
more significant than that for the deuterons/neutrons 
which matters for neutron production. Nuclei are ex¬ 
cited by photons covering the peak of the GDR where 
the energetic beam of incident electrons of ~30 MeV can 
be slowed down in a tungsten (W) converter generat¬ 
ing bremsstrahlung photons which can induce fission. In 
Fig.-4, atomic number Z versus neutron number N are 
plotted for exotic nuclei produced by the photofission of 
at the endpoint bremsstrahlung energy of 29.1 MeV 
which corresponds to mean photon energy of 13.7±0.3 
MeV. The results of three sets of calculations are pre¬ 
sented which correspond to (i) nuclei with largest cross 
sections, that is, most probable isobars with correspond¬ 
ing neutron and proton numbers for the fission fragments, 
(ii) the most neutron rich isobars subject to production 
cross sections >100 nb and (iii) the most neutron rich iso¬ 
bars subject to production cross sections >100 fb. The 
experimentally observed /3 stable nuclei as well as the the¬ 
oretical proton and neutron drip lines are also shown in 
Fig.-4 in order to highlight how far one can march away 
from the line of , 8 -stability towards the neutron drip line 
by RIB using photofission. It is worthwhile to men¬ 
tion here that at high energies [ 2 ^ the projectile fragment 
separator type RIB facilities, being developed in different 
laboratories, could also provide the scope for producing 
many new exotic nuclei through fragmentation of high 
energy radioactive ion beams [U, . 


VII. SUMMARY AND CONCLUSION 

In summary, we find that like the photoabsorption 
cross sections, the photofission cross sections can also 
be described quite well by Lorentz line shapes. The ratio 
method predictions for photofission are almost as good as 
the Lorentz line shape fitting, whereas the evaporation- 
fission process of the compound nucleus largely overes¬ 
timates the photofission cross sections. We have per¬ 
formed a simultaneous analysis for the comparison of 
the behavior of the symmetric and asymmetric modes. 
The phenomenological methodology for obtaining inde¬ 
pendent and cumulative yields of isotopes produced in 
photofission is described. A detailed analysis of the pro¬ 
duction of each nuclear isobar via fission and the mass 
distributions of products originating from the photofis¬ 
sion induced by bremsstrahlung photons, whose endpoint 
energy is 29.1 MeV, is provided. The endpoint energy of 
29.1 MeV, which is the energy of electrons that produce 
bremsstrahlung gammas when stopped by a IT converter, 
is so chosen as to correspond the mean gamma energy of 
13.7±0.3 MeV which coincides with GDR peak for 
photofission. 
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FIG. 4: Plots of atomic number Z versus neutron number 
N for exotic nuclei produced by the photofission of at 
the endpoint bremsstrahlung energy of 29.1 MeV which cor¬ 
responds to mean photon energy of 13.7±0.3 MeV. 


The production of neutron-rich RIBs by the photofis¬ 
sion method is by far the most advantageous because 
electrons/y-photons conversion efficiency is much more 
significant than that for the deuterons/neutrons. Nuclei 
are excited by photons covering the peak of the GDR 
where the energetic beam of incident electrons of '^30 
MeV can be slowed down in a tungsten (W) converter 
generating bremsstrahlung photons which can induce fis¬ 
sion. The results of three sets of calculations are pre¬ 
sented which correspond to nuclei with largest cross sec¬ 
tions, that is, most probable isobars with corresponding 
neutron and proton numbers for the fission fragments, 
the most neutron rich isobars subject to production cross 
sections greater than hundred nano barns and the most 
neutron rich isobars subject to production cross sections 
greater than hundred femto barns. How far one can 
march away from the line of ,5-stability towards the neu¬ 
tron drip line by RIB using photofission is high¬ 

lighted by comparison with experimentally observed /3 
stable nuclei as well as the theoretical proton and neu¬ 
tron drip lines. 
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